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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention: 

[0001] The present invention relates to a color cathode ray tube, in particular, to that having anti-reflective and anti- 
static properties and capable of realizing high-contrast image display. 

10 2. Description of the Related Art: 

[0002] Color cathode ray tubes to be used as color TV picture tubes or monitor tubes for information appliances and 
others have a vacuum vessel that comprises a panel, a neck for housing an electron gun therein, and a funnel for con- 
necting the panel and the neck, in which the inner surface of the panel is coated with a phosphor layer in different colors 
is to give a display screen, and plural (generally, three) electron beams as emitted by the electron gun housed in the neck 
are modulated according to image signals and impinge on the individual phosphors of different colors (generally, three 
colors) that constitute the phosphor layer to reproduce images. 

[0003] Fig 6 is a schematic sectional view showing an outline of the structure of a shadow mask-type color cathode 
ray tube, which is one example of color cathode ray tubes of that type. In Fig 6, the reference numeral 1 indicates a 
20 panel, 2 indicates a neck, 3 indicates a funnel, 4 indicates a phosphor layer. 5 indicates a shadow mask, 6 indicates a 
mask frame, 7 indicates a shadow mask support mechanism, 8 indicates a support pin, 9 indicates a magnetic shield, 
10 indicates and anode button, 1 1 indicates an internal electric conductive coating, 12 indicates a deflector, 13 indi- 
cates an electron gun, and 14 indicates three electron beams (red, green, blue). 

[0004] In the color cathode ray tube of Fig. 6, the panel 1 to form a screen, the neck 2 tor housing an electron gun 
25 therein and the funnel 3 to connect the panel and the neck constitute a vacuum vessel. The inner surface of the vacuum 
vessel is coated with the internal electric conductive coating 1 1 via which the high cathode voltage as applied to the 
anode button 5 is transmitted to the inner surface of the screen and to the electron gun. The shadow mask 5 is welded 
to the mask frame 6, and is suspended between the support pins 8 that are embedded in the inner wall of the skirt por- 
tion of the panel 1 , via the shadow mask support mechanism 7 therebetween. This is kept opposed to the phosphor 
30 layer 4 as formed on the inner surface of the panel 1 , while being spaced from the phosphor layer 4 at a predetermined 
interval therebetween. The magnetic shield 9 is to shield the electron beams 14 from the external magnetic field of, for 
example, terrestrial magnetism, and this is kept welded to the mask frame 6. 

[0005] The deflector 1 2 is mounted on the funnel in the position adjacent to the neck, by which are formed a horizontal 
magnetic field and a vertical magnetic field around the flow of the electron beams being emitted by the electron gun. In 

35 that condition, three electron beams as emitted by the electron gun 13 are deflected in two directions of a horizontal 
direction and a vertical direction, thereby to scan the phosphor layer 4 in the two-dimensional direction. 
[0006] The cathode ray tube of that type is provided with an anti-reflective and antistatic film (film for surface treat- 
ment, hereinafter referred to as "surface film") which is for preventing the ambient light that enters the screen of the 
panel from reflecting to lower the contrast of the display image formed, and for preventing the panel from being electro- 

40 statically charged by the static electricity to be caused by the electron beam scanning. 

[0007] Fig. 7 is to show one example of the anti-reflective structure for ambient light in the color cathode ray tube illus- 
trated above. Fig. 7 is a schematic sectional view showing the portion A of Fig. 6 on an enlarged scale. In Fig 7, the 
reference numeral 42 indicates a black matrix for partitioning the phosphor layer into plural color phosphors 43, thereby 
preventing color mixing so as to improve the contrast of the display image formed; 43 indicates three phosphors of red, 

45 green and blue; 44 indicates a metal back for generating a screen potential; 51 indicates an electron beam passing 
opening; R, G and B indicate electron beams of red, green and blue, respectively; 20 indicates an anti -reflective and 
antistatic film; 23 indicates the tight emitted by the phosphor; 24 indicates ambient light; and 25 and 26 indicate 
reflected light from the ambient light 24. The other reference numerals that are the same as those in Fig. 6 correspond 
to those in Fig. 6. 

so [0008] As in Fig. 7, three electron beams R, G and G emitted by the electron gun are selected in color, while pasmg 
through the electron beam passing openings 51 of the shadow mask 5, and impinge on the individual phosphors 43. 
With the electron beams impinging thereon, the phosphors 43 are excited and emit light, and the emitted light runs out- 
side through the panel 1 (toward the viewer looking at the display image). On the outer surface of the panel 1 , formed 
is the anti-reflective and antistatic film 20. The anti-reflective and antistatic film 20 is composed of two layers, of which 

55 the first layer 20a is of a thin electric conductive film with high refractivity (having a refractive index of about 2), and the 
second layer 20b is of a thin, irregular reflective film having a lower refractive index (1 .47) than the layer 20a. 
[0009] Of the ambient light 24 to enter the panel 1 , the light 25 having penetrated into the anti -reflective and antistatic 
film 20 is absorbed by or interfered with the film 20. whereby its energy is attenuated, resulting in that the intensity of 
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harmful reflected light that may degrade the display image formed could be lowered, In addition, the ambient light 24 
reflects irregularly on the outer surface of the panel to give irregularly- reflected light 26, whereby the harmful reflection 
that may degrade the display image is retarded. The first layer 20a of an electric conductive film is connected with the 
earth outside the effective display region. The static electricity generated on the outer surface of the panel 1 flows to the 
5 earth via the first layer 20a, whereby the screen is prevented from being electrostatically charged 

[0010] In general, the anti -reflective and antistatic film 20 of that type is formed on the outer surface of the panel 
according to a so-called sol-gel method. 

[001 1 ] Concretely, the film 20 may be formed according to any of the following methods: 

w (1) A mixture composition capable of forming a layer with high refractivity, which is prepared by dispersing fine 
grains (having a grain size of at most tens nm) of an electric conductive oxide (e.g. , ATO (antimony-doped tin oxide) 
or ITO (tin<Joped indium oxide)) in an alcoholic solution, is applied onto glass for the panel 1 through so-called spin- 
coating to form a lower layer of an even film having a uniform thickness of from about 60 to about 100 nm, and a 
hydrolytic solution of a silicon alkoxide compound is applied thereover through spin-coating or spray-coating to form 

is an upper layer of an even film having a uniform thickness of from about 80 nm to about 1 30 nm, thereby completing 
the formation ol a two-layered, anti-reflective and antistatic film of those lower and upper layers on the glass. 
(2) An antimony-doped, organic or inorganic tin compound is applied onto glass for the panel 1 through CVD 
(chemical vapor deposition) or LVD (liquid vapor deposition) to form an ATO film on the glass, and thereafter a 
hydrolytic solution of a silicon alkoxide compound is uniformly applied thereover to form a two-layered firm having 

20 a uniform thickness of from about 80 nm to about 1 00 nm. In addition, for the purpose of reducing the reflected color 
density of the two-layered, anti- reflective and antistatic film and for reducing the reflectance thereof for visible rays 
falling within a wavelength range ol from 380 nm to 780 nm, a hydrolytic solution of a silicon alkoxide compound is 
further sprayed over the two-layered film to form a third layer of a light-scattering film having a thickness of from 
about 10 nm to about 50 nm, and the surface of the third layer is roughened. 

25 [001 2] For example, Japanese Patent Laid-Open 4-334853 and Japanese Patent Laid-Open 5-343008 disclose the 
related arts as above. 

[00131 Apart from the related arts (1) and (2), known is another related art to be mentioned below. 

[0014] This is directed to a color cathode ray tube with antistatic and anti-reflective properties of increasing the con- 

30 trast of images formed while preventing the brightness of the phosphors therein from lowering. For this, a first layer of 
a film having selective light absorbant and antistatic capabilities is formed on the outer surface of the panel by applying 
a coating liquid that contains a coloring material of, for example, dye. pigment and the like onto the outer surface of the 
panel and thereafter another coating liquid containing an alkyl silicate compound in a solid phase is applied over the 
first layer to form thereon a second layer. In this related art, the first layer formed acts for selective light absorption and 

35 for prevention of static electrification, and the difference in the refractivity between the first layer and the second layer 
brings about the anti-reflective effect. 

[001 5] For the details of the related art of this type, for example, referred to are the disclosures of Japanese Patent 

Laid-Open 4-17242, Japanese Patent Laid-Open 4-137342, Japanese Patent Laid-Open 5-203804. 

[001 6] In addition to the above, further known is a method of coloring a panel with no anti-reflective and anti-static film 

40 formed on its outer surface, in which, however, the panel could not exhibit an anti-reflective and antistatic effect. 

[0017] For the panel having selective light absorbability and coated, on its outer surface, with a surface film having 
anti -reflective and antistatic capabilities, the surface film shall be formed in a coating method for forming a thin film on 
the surface of glass for the panel. In this method, if the selective light absorbability of the panel is increased, the bright- 
ness of the phosphor screen is lowered and the phosphor screen is unfavorably colored, thereby resulting in that the 

45 screen shall have a chromatic body color to degrade the quality of the color display image formed. For these reasons, 
the method is problematic. 

[001 8] On the other hand, the technique of adding a coloring material such as pigment or dye to the transparent elec- 
tric conductive layer (first layer, or lower layer) for the multi-layered 1ilm is also problematic in that the electroconductivity 
of the film is thereby lowered to degrade the antistatic capabilities of the film. Another problem in this is that the refrac- 
so five index of the first layer is varied to degrade the anti -reflective capabilities of the film. 



SUMMARY OF THE INVENTION 



[0019] An object ol the invention is to solve the problems with the related arts noted above, and to provide a color 
55 cathode ray tube having good anti -reflective and antistatic properties and capable of realizing high-quality image dis- 
play 

[0020] In the color cathode my tube of the invention that attains the object, the selective light absorbing capabilities 
of the screen are realized by a specific constituent material for panel glass and by a specific, multi-layered, surface film 
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formed on the panel glass through coating. In the color cathode ray tube of the invention, the glass material for the panel 
contains a selective light absorbant additive of, for example, neodymium, neodymium oxide, erbium, erbium oxide and 
the like, in an amount of about 0.005% to about 1 % by weight. Ions of neodymium, neodymium oxide, erbium, erbium 
oxide and others to be in the glass for the panel of the color cathode ray tube of the invention have selective light 
absorbing capabilities. Therefore, in the invention, the amount of the tight absorbant material to be in the surface film 
on the outer surface of the panel glass is reduced. With that constitution, the body color of the screen of the color cath- 
ode ray tube of the invention is attenuated, and the antistatic property of the tube is prevented from being degraded. As 
a result, the color cathode ray tube of the invention has good anti-reflective and antistatic capabilities to give high-con- 
trast display images. 

[0021] Specif ically, (1) the color cathode ray tube of the invention has a vacuum vessel comprising a panel, a neck for 
housing an electron gun therein, and a funnel for connecting the panel and the neck, in which the inner surface of the 
panel is coated with a phosphor layer in different colors to give a display screen, and the pane! glass contains ions with 
selective light absorbability for visible rays (covering a wavelength range of from 380 nm to 780 nm) and is coated, on 
its outer surface, with a selective light absorbent surface film having low sheet resistivity and low reflectance. 
[0022] The terminology, selective light absorption, as referred to herein for the panel glass or the surface film is meant 
to indicate that the spectral absorption pattern of the panel glass or the surface film gives an absorption maximum that 
can be differentiated from the base line in at least one or more specific wavelength ranges. This means that the white 
light having entered the panel glass or the surface film is selectively absorbed by the giass or the film, and runs out of 
it as chromatic transmitted light. 

(2) For the color cathode ray tube of the invention, the pane! glass as characterized by (1) contains any one or both 
of neodymium oxide and erbium oxide to have selective light absorbability in the visible ray region noted above. 

(3) In the color cathode ray tube of the invention, the surface film as characterized by (1) is an anti-reflective and 
antistatic film having at least one layer. 

(4) In the color cathode ray tube of the invention, the anti -reflective and antistatic film as characterized by (3) has a 
layer containing a dye. 

(5) For the color cathode ray tube of the invention, light to be transmitted by the panel glass as characterized by (2) 
gives x of from 0.280 to 0.290 and y of from 0.285 to 0.305 in the CIE chromaticity diagram. 

[0023] The substance to be added to the panel glass so as to make the panel glass have selective light absorbability 
for visible rays is not limited to neodymium oxide or erbium oxide mentioned above, but includes any other substances 
and ions having the ability of selective light absorption that is comparable to that of those oxides. Such other substances 
and ions include, for example, rare earth element such as samarium, europium, praseodymium; rare earth element ions 
such as samarium ion, europium ion, praseodymium ion; oxides of rare earth elements such as samarium, europium, 
praseodymium; ions of the oxides. 

[0024] As mentioned hereinabove, the invention provides a high-quality color cathode ray tube which has selective 
light absorbing capabilities owing to the specific pane* glass as combined with the specific surface film formed on the 
panel glass, and therefore realizes high-contrast image display Owing to that combination, in addition, the color cath- 
ode ray tube of the invention has good antistatic capabilities and good anti-reflecting capabilities with the body color of 
the panel screen being attenuated. 

BRIEF DESCRIPTION OF THE INVENTION 
[0025] 

Fig. 1 is a schematic sectional view showing the principal structure of the panel of the color cathode my tube as 
produced in Example 1 of the invention; 

Fig. 2 is a graph showing the transmittance of the non-coated glass for the panel in Example 1 , the transmittance 
of the surface film itself as formed on the panel glass, and the total transmittance of the panel coated with the sur- 
face film, in which is shown the transmittance of a conventional tint panel for reference; 

Fig. 3 is a schematic sectional view showing the principal structure of the panel of the color cathode ray tube as 
produced in Example 2 of the invention; 

Fig. 4 is a graph showing the transmittance of the non-coated glass for the panel in Example 2, the transmittance 
of the surface film itself as formed on the panel glass, and the total transmittance of the panel coated with the sur- 
face film; 

Fig. 5 is a schematic sectional view showing the principal structure of the panel of the color cathode ray tube as 
produced in Example 8 of the invention; 

Fig. 6 is a schematic sectional view showing an outline of the structure of a shadow mask-type color cathode ray 
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tube which is one example of cathode ray tubes; and 

Fig 7 is a schematic sectional view ol the portion A of F,g. 6, as drawn on an enlarged scale, and this is to show 
one example of the anti -reflective structure for ambient light in the color cathode ray tube illustrated, 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0026] Embodiments of the invention are described in detail with reference to the following Examples, which, however, 
are not intended to restrict the scope of the invention. 

Example 1: 

[00271 Glass for the panel of the color cathode ray tube of this Example is prepared by adding from O.oos % to 1 % 
by we ght of neodymium oxide to a conventional panel glass paste. The neodymium content of the panelglass ,s mere- 
Zed ij the use of an .CP (inductive coupled plasma) analyzer in which the panel glass is d.ssdved hn W*^™* 
The panel glass is coated with a three-layered surface film having the composition 1 mentioned beJow. Except fo the 
step of coating the panel glass with the surface film as specially indicated herein, the color cathode ray tube of this 
Example is constructed according to a conventional method. 

Composition 1 : 

[0028] 

Coating liquid for forming the first layer (Liquid A): 



25 



30 



35 



Silicon ethoxide 


1 wt.% 


Yellow pigment (disazo yellow) 


0.1 wt.% 


Nitric acid 


0.01 wt.% 


Pure water 


20 wt % 


Dispersant (polyoxyethylene nonylphenyl ether) 


0.02 wt.% 


Ethanol 


balance 



Coating liquid for forming the second layer (Liquid B) 



40 



45 



Fine silver grains 


0.1 wt.% 


Fine palladium grains 


0.2 wt.% 


Pure water 


40 wt.% 


High-boiling-point solvent (ethylene glycol isopropyl ether 


10 wt.% 


Ethanol 


balance 



50 



Coating liquid for forming the third layer (Liquid C): 





Silicon ethoxide 


0 7 wt % 


55 


Pure water 


10 wt.% 




High-boiling-point solvent (ethylene glycol monoethyl ether) 


10 wt.% 



5 



EP 0 940 837 A1 

(continued) 



Ethanol 



balance 



- [00291 The fine silver grains have a grain size of about 5 nm; and the fine palladium grains have a grain size of about 
' 5 T The gra n s,ze as starred to herein indicate the mean grain size of the grains as measured by the use of a Coul- 
ter sVan size meter of Model N For their grain size, the pigment grains and the f ine etectnc ™J £ 
be so small that they cause no scattering of visible rays (falling within a wavelength range of from 380 nm to 780 nm) 
SeSI Concretely . the grains shall have a grain size smaller than 1/6 of the shortest wave.ength of v,s.b.e rays. 
w r00301 The surface of the panel glass with neodymium oxide added thereto is polished, then the abrasive used .s 
"moved and the surface of *e panel glass thus polished is cleaned by showering it with city water or pure water. Next. 
tT Z S glass Ts £pt at about 6C°C at its surface, and then sprayed with the liquid A. For the spray coring, for exam- 

^^pSl^lK abolTc'^uSce. then coated with the liquid B according to a spin- 
„ oSing metffod ^ usint a Sner aS thereafter dned at a ter^erature falling between 40»C and 60°C After paving 
btnTdiM. tapJS glass is again controlled at about 40»C at its surface^ anc then oo^J the hqu,d C 
according to a spin-coating method. After this, the thus-coated panel glass is baked under heat at 1 60 C. 
fo032] Fig 1 is a schematic sectional view showing the principal structure of the panel of the color cathode ray tube 
Sue* in Example 1 of the invention. Like in Fig. 7. the pane, glass 1 in Fig. 1 has. on its inner surface, phosphors 
20 43 5* ree . cotors of R G and B as partitioned via b.ack matrices 42 each existing between them, and has a meta. back 
44 of aluminum as formed thereover through sputtering. 

100331 The surface film as formed on the outer surface of the panel glass 1 is composed of three layers^ The first^ layer 
Elay^) 21 o' tf^e surface film comprises yellow pigment 21a and silica 21b, and has a thickness of about SO nra 
la er (in.er.ayer) 22 of the surface firm comprises fine silver grains 22a. fine ^™*™J* h ^* 

2 S 22c having been infiltrated thereinto from the third layer (upper layer) 23 and acting therein as a bmder and has a^ hick 
nan rfatout 25 nm. The third layer 23 of the surface film is of silica 23a, and has a thickness of about 70 nm. The 
thlctessS ea* layer is measured through scanning electron microscopy (SEM) at its cross sect,on ,mage. 
S] FVg 2* a graph showing the transmittance of the non-coated glass for the pane, in Example 1 , the transmrf- 
SScVof the surface film itseH as formed on the panel glass, and the total transmittance of the paneh 

3 o ^ surface film in which is shown the transmittance of a conventional tint panel tor reference^ In F.g. 2. the absassa 
SirltS the wavelength (nm) and the ordinate indicates the transmittance (%) To measure the transmission spectra 
£TZ 1 -the Tphosphors « the meta. back 44 and me black matrices 42 having been formed on the inner surface 
of the pane', glass are removed, and the resulting sample is subjected to visible-ray spectrometry 
SS] Tin 41 the curve A indicates the total transmittance of the panel coated with the surface m, the curve B 

3S Ses he transmittance of the non-coated panel glass, the curve C indicates the transmrttance of the surface jWm 
iteelfa^d The curve D indicates the transmittance of the reference sample of a conventional tint panel. ^ grated in 
S ,2 the curve A for the panel coated with the surface film of this Example indicates selective .ight absorption in he 
wavelength ra^ge ol from 500 nm to 550 nm and in the wavelength range of from 550 nm to 600 nra Also as Instated 
The einTe selLve light absorption of the non-coated pane, glass is more ^™ 2S?T* i3 

40 surface film itself. The reflectance for eye photopic responsibility of the surface f ,1m ,n th.s Example « about 0. I A, and 
the sheet resistivity thereof is 2000 n/cm 2 . The reflectance for eye photop.c responsibility (RV) as referred to herein i ■ 
I^SZ^rivm* R(X) in a range of the wave.ength (X) of from 380 nm to 780 nm and the relative v,sto,.,.y 
V(X) in that range of the wavelength (X) of from 380 nm to 780 nm, according to the following equation. 



45 



RV = (|R(X)V(X)dX)/[V(X)dX 



r00361 The sheet resistivity is measured by the use of Dia Instrument s Loresta IP type. 

S The cofoTcathode ray tube of this Example was tested, according to known test methods for the r^ctancs 
ofShosphof Z een (from which is excluded the surface reflectance of the surface film) , the brightness ofthe phos- 
50 ohor «T the contrast of the display image formed, and the chromaticity of the body color of the screen, The reflect- 
50 ^ShoLeen o, thecolor cathode ray tube of th,s Example is about 5 % ,™er than Ja.o ==l 

rolor cathode rav tube' the brightness of the phosphor screen of the former is about 1 0 % higher than that of the latter, 
STl^^lnV.fcrn-r is abo£ 15 % higher than that in the .after. For the ^^^fj?- 
designated according to J IS Z 8729 for "color specification of body color ,n color systems of Lab and Luv , a - 0.5 

55 ££" ll^Z^^S^^t^ could be changed by varying the amount of fine silver 
Sand that ^palladium grains in the liquid B. For example, where the amount of fine sifve-B ,r i the liquid B is 
0 2 % ly wejtt and Z of fine palladium grains therein is 0.3 % by weight, the sheet resistivity of the surface fi.m 
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15 



could be obtained. 
Example 2: 

length (a.) of from 380 nm to 780 nm, according to the following equation: 

TV = (JT(3i)V(A.)dX)/JV(X)dA. 



20 Composition 2: 
[0042] 

Coating liquid for forming the first layer (Liquid D): 

25 



30 



35 



40 



Fine silver grains 


0.2 wt.% 


Fine palladium grains 


0.2 wt.% 


Red pigment (quinoacridine type) 


0.1 wt.% 


Blue pigment (phthalocyanine type) 


0.05 wt.% 


Yellow pigment (disazo yellow) 


005 wt.% 


Pure water 


45 wt.% 


High-boiling-point solvent (ethylene glycol isopropyl ether) 


15 wt.% 


Ethanol 


balance 





Coating liquid for forming the second layer (Liquid E): 



45 



50 



55 



Silicon ethoxide 


0.7 wt% 




10 wt.% 


Pure water 


High-boiling-point solvent (ethylene glycol monoethyl ether) 


10 wt.% 


balance 


Ethanoi 



,0043, Tne fine si.vec grains nave ag,a in size o, about 5 -n^jnd »e 
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with the liquid E according to a sp.n«oat,ng method After this, the thus-coated panel glass is baked under heat at 
rOMSl Fia 3 is a schematic sectional view showing the principal structure of the panel of the color cathode ray tube 

has alhickness of about 80 nm. The second layer (upper layer) 25 ol the surface Hm is of silica ' ^ same 

l;So „ The Mckoess ol each lay« Is mea«ir«d from the SEM image ,n m cross Mn in If. same 

Eras 5 sr sr»:;s=«" — - - «-r 

The color cathode ray tube of this Example was tested, according to known test methods for the r^nce 
Sphosphofscreen Som which is excluded the surface reflectance of the surface film), the brightness oU h. : phos- 
^SSS.^ of the display image formed, and the chrornaticity of the ?^«£ZZ£X?? B 

iSXXJZ • - « ™ - «- — — 

layer falls between 40 nm and 90 nm, the same results as above could be obta.ned. 
Example 3: 

, SSKTS! Ke step'of coating the pane, glass with the surface Hm as Really indicated here,n, the 
color cathode ray tube of this Example is constructed according to a conventional method. 



Composition 3: 
45 [0052] 

Coating liquid for forming the first layer (Liquid F): 



Ethoxysilane 


1.2 wt% 


Yellow pigment (disazo yellow) 


0.2 wt.% 


Fine grains of ATO (antimony-doped tin oxide) 


0.2 wt.% 


Nitric acid (67 % solution) 


0.01 wt.% 


Pure water 


30 wt.% 
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(continued) 



Ethanol 



balance 



Coating liquid for forming the second layer {Liquid B). 
Coating liquid for forming the second layer (Liquid C) 

[0053] The surface of the panel glass with neodymium oxide added thereto is polished, then the abrasive used is 
removed, and the surface of the panel glass thus polished is cleaned by showering it with city water or pure water. Next, 
the panel glass is kept at about 60°C at its surface, and then sprayed with the liquid F. For the spray coating, used is a 
Bink's spray-coater of Type A with two flow nozzles (How rate: 1.5 liters/hr, aeration: 200 liters/min), and the surface of 
the panel giass is spaced by 180 mm from the spray-coater. The spray coating is repeated twice. 
[0054] After having been coated with the liquid F, the panel glass is further coated with the liquid B and the liquid C 
in that order according to a spin-coating method. Concretely, the panel glass is kept at about 60°C at its surface, and 
coated with the liquid B by the use of a spin coater. For this, 40 ml of the liquid B is injected into the spin coater, and the 
panel glass is coated with it while being spun at 150 rpm over a period of 5 seconds. After thus coated, the panel glass 
is dried at about 25°C. Next, this is further coated with the liquid C by the use of a spin coater into which 40 ml of the 
liquid C is injected, while being spun at 150 rpm over a period of 5 seconds. After this, the thus-coated panel glass is 
baked at about 1 60°C for 30 minutes. 

[0055] The fine grains of ATO (antimony-doped tin oxide) used herein have a mean grain size of about 1 0 nm. The 
mean grain size measured in the same manner as in Example 1 . 

[0056] In that manner, herein produced is a color cathode ray tube of which the panel is coated with the three-layered 
surface film having selective light absorbability and having anti- reflective and antistatic capabilities. 
[0057] In the color cathode ray tube of this Example, the first layer (that is, the lower layer directly contacted with the 
panel glass) of the surface film is so constructed that ATO (antimony-doped tin oxide) and yellow pigment therein are in 
substantially uniform dispersion. In addition, in the first layer, the refractive index of ATO is larger than that of the yellow 
pigment. In this, therefore, the refraction fluctuation peculiar to the pigment and occuring around the absorption zone is 
retarded to thereby attenuate the reflected color (body color) peculiar to the pigment. As a result, for its spectral reflec- 
tion characteristic, the surface film-coated panel glass prepared herein gives a relatively flat spectral reflection pattern. 



Example 4: 

[0058] In this Example, neodymium oxide is added to a conventional panel glass paste to prepare panel glass. Con- 
cretely, the amount of neodymium oxide added to the paste is so controlled that the resulting panel glass could have a 
transmittance for eye photopic responsibility of 54 %, and a transmittance of from 50 % to 70 % at the bottom of 570 
nm absorption of neodymium oxide. The neodymium oxide content of the panel glass is measured through ICP analysis 
in the same manner as in Examples 1 to 3. 

[0059] According to a known method, for example, described in Japanese Patent Laid-Open 64-7457 (this method 
comprises applying a dispersion as prepared by dispersing iron oxide red grains with a mean grain size of 20 nm in an 
aqueous slurry containing polyvinyl alcohol, surfactant, ammonium bichromate and the like, onto the back surface of 
panel glass to form a filter layer containing pigment grains with a mean grain size of from 5 nm to 70 nm and having a 
thickness of from 15 nm to 250 nm. between the panel glass and a phosphor film), microfilter layers are formed on the 
inner surface of the panel glass at the positions of the phosphors of blue (B) and red (R). In this step, the thickness of 
the microfilter layer to be formed at the position of the blue (B) phosphor is so controlled that the layer could have a 
transmittance for 450 nm wavelength light of 92 % and a value of B.C.P. (brightness contrast performance - this is the 
index for indicating the contrast improvement) of 1 6 In addition, the thickness of the microfilter layer to be formed at 
the position of the red (R) phosphor is also controlled, like that of the microf iiter layer formed at the position of the blue 
(B) phosphor, so that it could have a transmittance for 627 nm wavelength light of 92 %, and a value of B.C.P. noted 
above of 1 .2 . 

[0060] After this, phosphor films of R, B and G are formed in an conventional slurry method. 

[0061] Next, the panel glass is washed, dried, and heated at 60°C, and thereafter sprayed twice with the liquid F of 
the composition 3 as prepared in Example 3 under the same condition as in Example 3. Then, this is dried, and there- 
after further coated with the liquid B and the liquid C in that order according to a spin-coating method, thereby forming 
a three-layered surface film on the panel glass. 

[0062] Except for the step of coating the panel glass with the surface film as specif ically indicated herein, the color 
cathode ray tube of this Example is constructed according to a conventional method. 

[0063] Like that of Example 3, the color cathode ray tube of this Example also has selective light absorbability and 
antistatic and anti-reflective capabilities. In the color cathode ray tube of this Example, where the display screen is set 
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at a color temperature of 6550K for while, the current ratio of red/blue, which is the largest in the current passing 
through the cathode in each electron gun for emitting three electron beams of R, G and B, could be at most 1 .2 (in con- 
ventional color cathode ray tubes, the ratio falls between 1 .8 and 2.0). The brightness of the white display plane of the 
color cathode ray tube of this Example is 22 % higher than that of a comparative, conventional color cathode ray tube. 
The comparative, conventional color cathode ray tube tested herein differs from the color cathode ray tube of this Exam- 
ple in that, in the former, no neodymium oxide is added to the panel glass and the panel glass is coated with no surface 
film, but is the same as the latter in that the panels in the two have the same transmittance for eye photopic responsi- 
bility. In the comparative test, the blackness in the two is set at the same level. 

Example 5: 

[0064] In the color cathode ray tube of this Example, used is panel glass as prepared by adding neodymium oxide to 
a conventional panel glass paste. 

[0065] After washed, the panel glass is heated at 80°C at its outer surface, and then sprayed with the liquid F of the 
composition 3 having been prepared in Example 3. For the spray coating used is a Binks' spray-coater of Type A with 
two flow nozzles (flow rate: 1.3 liters/hr, aeration: 210 liters/min), and the surface of the panel glass is spaced by 180 
mm from the spray-coater. The coated panel glass is then dried. The first layer having been formed on the outer surface 
of the panel glass under that condition has an average surface roughness of about 0.07 ^m in the vertical direction rel- 
ative to the its surface (that is, in the direction vertical to the surface of the panel glass) and a degree of swell of about 
0.45 Jim in the horizontal section thereof (that is, in the direction parallel to the surface of the panel glass). The average 
surface roughness and the degree of swell as referred to herein are measured by the use of a scanning electron micro- 
scope equipped with an image processor (Hitachi's SEM Model S-2250 N, Model RD-500/550). 
[0066] A second layer and a third layer are formed on the first layer by the use of a spin coater. Concretely, the panel 
glass coated with the first layer is further coated with the liquid B of the composition 3 in Example 3, according to a spin- 
coating method For this, 40 ml of the liquid B is injected into the spin coater, and the panel glass is coated with it while 
being spun at 180 rpm over a period of 5 seconds. After dried at about 25°C, formed is the second layer. Next, this is 
still further coated with the liquid C of the composition 3 in Example 3 by the use of a spin coater into which 40 ml of the 
liquid C is injected, while being spun at 150 rpm over a period of 5 seconds. Thus is formed the third layer. After this, 
the thus-coated panel glass is baked at 160°C for 30 minutes. In the surface film thus formed on the panel glass, the 
interfacial roughness between the first layer and the second layer in the direction vertical to the surface of the panel 
glass is on such a level that visible rays do not scatter at the interface, or that is, the distance between the adjacent hill 
and valley in the interface is from 1/10 to 1/6 of the shortest wavelength of visible rays. 

[0067] In the interface between the first layer and the second layer in the surface film formed herein, light scatters in 
the horizontal direction. However, in this, the second layer having a high refractive index and a low transmittance can 
absorb the scattered light because of its specific film structure. In addition, in this, the interfacial roughness between the 
first layer and the second layer in the vertical direction is on such a level that visible rays do not scatter at the interface, 
or that is, the interface between the two layers has a specific fuzzy structure of such that the distance between the adja- 
cent hill and valley in the interface is from 1/10 to 1/6 of the shortest wavelength of visible rays. For these reasons, the 
reflection spectrum of the surface film formed herein gives a relatively flat pattern. As a result, in the color cathode ray 
tube of this Example, the body color (reflected color) of the screen is attenuated, and the screen gives high-contrast dis- 
play images while having antistatic and anti-reflective capabilities. 

[0068] In the surface film, the second layer could be formed by spray-coating under the same condition as that for the 
first layer. In this case, the interface between the second layer thus formed by such spray-coating and the third layer 
could have the same fuzzy structure as above. Concretely, the interfacial roughness between the second layer and the 
third layer is on such a level that visible rays do not scatter at the interface, or that is.the distance between the adjacent 
hill and valley in the interface is from 1/10 to 1/6 of the shortest wavelength of visible rays In this case, therefore, the 
body color (reflected color) of the screen could be much more attenuated. 

Example 6: 

[0069] For the color cathode ray tube of this Example, panel glass is prepared by adding neodymium oxide, along with 
erbium oxide or praseodymium oxide, to a conventional panel glass paste. For the light to be transmitted by the panel 
glass, its chromatidty values x, y in the CIE chromaticrty diagram are controlled to fall within 0.280 <x<0.290 and 0.285 
<> y <> 0.305, but preferably x = 0.285 and y = 0 295. On the outer surface of the panel glass, formed is a surface film in 
the same manner as in any one of Examples 1 to 5. 

[0070] The color cathode ray tube thus produced in this Example gives high-contrast display images, while having 
antistatic and anti-reflecting capabilities. 

[0071] In Examples 1 to 6 mentioned hereinabove, dyes of organic compounds are incorporated into the surface films, 
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which, however, are not limitative in the invention. Apart from such organic dyes, inorganic compounds are also employ- 
able in the invention, for example, as in the following Example 



Example 7: 

5 

[0072] Fine grains of inorganic compound pigments are used herein as the dyes to be incorporated into the surface 
film for the panel glass in Examples 1 to 6 mentioned above. As the inorganic compound pigments are in the form of 
fine grains, they are well compatible with the binder and also with silica (Si0 2 ) for forming the surface film. Therefore, 
the inorganic compound pigments are uniformly dispersed in the film formed through spraying or spin-coating, in the 
w direction of the thickness of the film. 

[0073] In this Example, the fine inorganic pigment grains (having a mean grain size of at most 60 nm) may have any 
other finer pigment or dye grains adsorbed thereon. The coating grains shall have a small mean grain size than that of 
the base grains. 

[0074] The inorganic compound pigments usable in this Example are as follows: 
is [0075] As the red pigment, for example, usable is «-Fe 2 0 3 ; as the green pigment, for example, usable is any of Ti0 2 , 
ZnO, CoO and NiO; and as the blue pigment, for example, usable is any of CoO and Al 2 0 3 . 

[0076] In this Example, obtained are color cathode ray tubes capable of displaying high-contrast images while having 
antistatic and anti- reflective capabilities. 

20 Example 8: 

[0077] For the color cathode ray tube of this Example, neodymium oxide and erbium oxide are added to a conven- 
tional panel glass paste to prepare panel glass having a transmittance for eye photopic responsibility of about 60 %. 
The panel glass is coated with a two-layered surface film having the composition 4 mentioned below. Except for the step 
25 of coating the panel glass with the surface film as specifically indicated herein, the color cathode ray tube of this Exam- 
ple is constructed according to a conventional method. 

Composition 4: 

30 [0078] 

Coating liquid for forming the first layer (Liquid G): 



Fine silver grains 


0.2 wt.% 


Fine palladium grains 


0.2 wt % 


Pure water 


45 wt.% 


High-boiling-point solvent(ethylene glycol isopropyl ether) 


15 wt.% 


Ethanol 


balance 



45 Coating liquid for forming the second layer (Liquid H): 





Silicon ethoxide 


1 4 wt.% 


50 


Red pigment (quinoacridine-type pigment) 


0.1 wt.% 




Blue pigment (phthalocyanine-type pigment) 


0.05 wt.% 




Yellow pigment (disazo yellow) 


0.1 wt.% 


55 


High-boiling-point solvent (ethylene glycol monoethyl ether) 


10 wt % 




Ethanol 


balance 
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[0079] In this Example, the surface of the panel glass is coated with the liquids G and H in that order, according to 
any of the coating methods employed in Examples 1 to 5 mentioned above In the surface film thus formed on the panel 
glass herein, the second layer, or that is. the upper layer contains the dyes. 

[0080] Fig. 5 is a schematic sectional view showing ttie principal structure of the panel of the color cathode ray tube 
as produced in Example 8 of the invention. Like in Fig 3, the panel glass 1 in Fig. 5 has. on its inner surface, phosphors 
43 of three colors as partitioned via black matrices 42 each exising between them, and has a metal back 44 of aluminum 
as formed thereover through sputtering. 

[0081] The surface film as formed on the outer surface of the panel glass 1 is composed o1 two layers. The first layer 
(lower layer) 26 of the surface film comprises fine silver grains 26a, fine palladium grains 26b and silica 26c; and the 
second layer (upper layer) 27 thereof comprises yellow pigment 27a, red pigment 27b, blue pigment 27c and silica 27d. 
[0082] Uke in the previous Examples, the color cathode ray tube produced in this Example gives high-contrast and 
bright display images, while having selective light absorbability and antistatic and anti- reflective capabilities. 

Example 9: 

[0083] As in Example 1 , the panel glass for the color cathode ray tube of this Example is prepared by adding from 
0.005 % to 1 % by weight of neodymium oxide to a conventional panel glass paste. Except for the step of coating the 
panel glass with the surface film as specifically indicated herein, the color cathode ray tube of this Example is con- 
structed according to a conventional method. 

Composition 5: 

[0084] 

Coating liquid for forming the first layer (Liquid A). 
Coating liquid for forming the second layer (Liquid I): 



Fine ITO grains 


3 wt.% 


Pure water 


10 wt.% 


Ethanol 


70 wt .% 


Methanol 


10 wt.% 


Diacetone alcohol 


7 wt.% 



Coating liquid for forming the third layer (Liquid C). 

[0085] The fine grains of ITO {indium-doped tin oxide) used in Example have a mean grain size of about 10 nm. The 
mean grain size is measured in the same manner as in Example 1 . 

[0086] In this Example, the surface of the panel glass is coated with the liquids A, I and C in that order, according to 
any of the coating methods employed in Examples 1 to 5 mentioned above. In the three-layered surface film thus 
formed on the panel glass herein, the first layer contains the dye. 

[0087] Uke in the previous Examples, the color cathode ray tube produced in this Example gives high-contact display 
images, while having selective light absorbability and antistatic and anti -reflective capabilities. 

Example 10: 

[0088] For the color cathode ray tube of this Example, used is neodymium ion-containing panel glass as prepared by 
adding neodymium oxide to a conventional panel glass paste. Except for the step of coating the panel glass with the 
surface film as specifically indicated herein, the color cathode ray tube of this Example is constructed according to a 
conventional method 
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Composition 6: 
[0089] 

Coating liquid for forming the first layer (Liquid I). 
Coating liquid for forming the second layer (Liquid C). 



[0090] The surface of the panel glass with neodymium oxide added thereto is polished, then the abrasive used is 
removed and the surface of the panel glass thus polished is cleaned by showering it with city water or pure water. Next, 

w the panel glass is kept at about 60°C at its surface, and then sprayed with the liquid I. For the spray coating, used .s a 
Binks* spray-coater of Type A wrth two flow nozzles (flow rate: 1 .5 liters/hr, aeration: 200 liters/min), and the surface of 
the panel glass is spaced by 1 80 mm from the spray-coater. The spray coating is repeated twice. 
[00911 After having been coated with the liquid I, the panel glass is further coated with the liquid C. Concretely, the 
panel glass is kept at about 60°C at its surface, and coated with the liquid C (this is prepared in Example 3) by the use 

is of a spin coater For this, 40 ml of the liquid C is injected into the spin coater, and the panel glass is coated with rt white 
being spun at 150 rpm over a period of 5 seconds. After thus coated, the panel glass is dried at about 25«C, thereby 
having the second layer formed thereon. 

[0092] The fine grains of ITO (indium-doped tin oxide) used herein have a mean grain size of about 10 nm. The mean 
grain size is measured in the same manner as in Example 1 . 

20 [0093] In that manner, herein produced is a color cathode ray tube of which the panel is coated wrth the two-layered 
surface film having selective light absorbability and having anti- reflective and antistatic capabilities 
[0094] In the color cathode ray tube of this Example, the first layer (that is, the lower layer directly contacted with the 
panel glass) of the surface film comprises fine grains of ITO (indium-doped tin oxide) and silica having been .rrfiltrated 
thereinto from the second layer, and has a thickness of about 70 nm. In this, the second layer of the surface film is of 

25 silica, and has a thickness of from about 70 nm to about 90 nm. 

[0095] The panel in this Example selectively absorbs light that falls within a wavelength range of from 500 nm to 550 
nm and light that falls within a wavelength range of from 550 nm to 600 nm. The surface film formed on the panel in 
this Example has a reflectance lor eye photopic responsibility of 1 .3 % and a sheet resistivity of 9000fVcm 

30 Example 1 1 : 

[0096] For the color cathode ray tube of this Example, used is neodymium ion-containing panel glass as prepared by 
adding neodymium oxide to a conventional panel glass paste. Except for the step of coating the panel glass with the 
surface film as specifically indicated herein, the color cathode ray tube of this Example is constructed according to a 
conventional method. In this Example, first and second layers are formed on the outer surface of the panel glass in the 
same manner as in Example 10, except that the liquid B prepared in Example 1 is used in place of the liquid I m Exam- 

[00971 The panel in this Example selectively absorbs light that falls within a wavelength range of from 500 nm to 550 
nm and light that falls within a wavelength range of from 550 nm to 600 nm. The surface film formed on the panel in 
this Example has a reflectance for eye photopic responsibility of 1 % and a sheet resistivity of SOOOn/cm^. 

Example 12: 

[0098] For the color cathode ray tube of this Example, used is neodymium ion-containing panel glass as prepared by 
adding neodymium oxide to a conventional panel glass paste. Except for the step of coating the panel glass with the 
surface film as specifically indicated herein, the color cathode ray tube of this Example is constructed according to a 
conventional method. In this Example, first and second layers are formed on the outer surface of the panel glass in the 
same manner as in Example 10, except that the following liquid J that contains fine grams of ATO (antimony-doped tin 
oxide) is used in place of the liquid I in Example 10. 



40 



45 



50 

Composition 7: 
[0099] 

55 Coating liquid for forming the first layer (Liquid J): 
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Fine ATO grains 


3 wt.% 


Pure water 


10 wt.% 


Ethanol 


70 wt.% 


Methanol 


10 wt % 


Diacetone alcohol 


7 wt.% 



Coating liquid for forming the second layer (Liquid C). 

15 [01 00] The panel in this Example selectively absorbs light that falls within a wavelength range of from 500 nm to 550 
nm , and light that falls within a wavelength range of from 550 nm to 600 nm. The surface film formed on toe panel in 
this Example has a reflectance for eye photopic responsibility of 1 % and a sheet resistivity of 5x10 O/cm . 
[0101] In the color cathode ray tubes produced in the previous Examples, the amount of the light-absorbing material 
to be in the surface film as formed on the pane! is reduced to thereby attenuate the body color of the screen. Without 

20 their electroconductivity and anti- reflecting ability degraded, the selective light absorbability of the color cathode ray 
tubes is much enhanced. The color cathode ray tubes give high-contrast display images, while having good anti-ref lec- 
tive and antistatic capabilities. 

[0102] While the invention has been described in detail and with reference to specific embodiments thereof, it will be 
apparent to one skilled in the art that various changes and modifications can be made therein without departing from 
25 the spirit and scope thereof. 



Claims 

1 . A color cathode ray tube having a vacuum vessel that comprises a panel (1 ), a neck (2) for housing an electron gun 
30 (13) therein, and a funnel (3) for connecting the panel and the neck, in which the inner surface of the panel glass is 
coated with a phosphor layer (4) in different colors to give a display screen, wherein: said panel glass selectively 
absorbs light within the range of visible rays, and its outer surface is coated with an electric conductive surface film 
(20a). 

35 2. The color cathode ray tube as claimed in claim 1 , wherein the electric conductive surface film as formed on the 
outer surface of said panel glass having selective light absorbability in the range of visible rays contains any of 
metal oxide grains or metal grains. 

3. The color cathode ray tube as claimed in claim 2, wherein the metal oxide grains to be in the electric conductive 
40 surface film as formed on the outer surface of said panel glass having selective light absorbability in the range of 
visible rays are of ITO (indium-doped tin oxide) or ATO (antimony-doped tin oxide). 

4 The color cathode ray tube as claimed in claim 2, wherein the metal grains to be in the electric conductive surface 
film as formed on the outer surface of said panel glass having selective light absorbability in the range of visible 
45 rays are of silver or palladium. 

5. The color cathode ray tube as claimed in claim 1 , wherein said panel glass having selective light absorbability in 
the range of visible rays contains any of rare earth elements or rare earth element ions 

so 6. The color cathode ray tube as claimed in claim 5, wherein the rare earth element to be in said panel glass having 
selective light absorbability in the range of visible rays is either one or both of neodymium and erbium. 

7. The color cathode ray tube as claimed in claim 5, wherein light to be transmitted by said panel glass gives chroma- 
ticity values x and y, in the CIE chromaticity diagram, which fall within the following ranges: 

55 0.280<x<0.290. and 0.285<y<0.305. 

8. A color cathode ray tube having a vacuum vessel that comprises a panel ( 1 ) . a neck (2) for housing an electron gun 
(13) therein, and a funnel (3) for connecting the panel and the neck, in which the inner surface of the panel glass is 
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coated with the phosphor layer (4) in drfferent colors to give a display screen, wherein: said panel glass selectively 
absorbs light within the range of visible rays, and its outer surface is coated with an a nti- reflective and antistatic sur- 
face film (20). 

9. The color cathode ray tube as claimed in claim 8, wherein the anti -ref lective and antistatic surface film as formed 
on the outer surface of said panei glass contains a dye. 

10 The color cathode ray tube as claimed in claim 8, wherein the anti-ref lective and antistatic surface film as formed 
on the outer surface of said panel glass is composed of one or more layers, and at least one layer of said surface 
film contains a dye. 

11. The color cathode ray tube as claimed in claim 9. wherein the anti-ref lective and antistatic surface film as formed 
on the outer surface of said panel glass is composed of one or more layers, and at least one layer of said surface 
film is an electric conductive layer containing a dye. 

1 2. The color cathode ray tube as claimed in claim 8, wherein light to be transmitted by said panel glass gives chroma- 
ticity values x and y, in the CIE chromaticity diagram, which fall within the following ranges: 

0.280^0.290, and 0 285^0.305. 

13. The color cathode ray tube having a vacuum vessel comprising a panel (1), a neck (2) for housing an electron gun 
(13) therein, and a funnel (3) for connecting the panel and the neck, in which the inner surface of the panel glass is 
coated with a phosphor layer in different colors to give a display screen, wherein: 

said panel glass selectively absorbs light within the range of visible rays, its outer surface is coated with an anti- 
reflective and antistatic surface film (20), and the transmittance of the panel glass for the wavelength range of 
light capable of being absorbed by said panel glass is smaller than that of the anti-ref lective and antistatic sur- 
face film for said wavelength range. 

14. The color cathode ray tube as claimed in claim 13, wherein the anti-reflective and antistatic surface film as formed 
on the outer surface of said panel glass is composed of one or more layers, and at least one layer of said surface 
film contains a dye. 

15. The color cathode ray tube as claimed in claim 14, wherein the anti-reflective and antistatic surface film as formed 
on the outer surface of said panel glass is composed of one or more layers, and at least one layer of said surface 
film is an electric conductive layer containing a dye. 
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FIG. 1 
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FIG. 3 




18 



EP 0 940 837 A1 




TRANSMI TTANCE {%) 



19 



EP 0 940 837 A1 



FIG. 5 
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FIG. 6 
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